A MEDIUM developed for nutritional studies of Haemophilus influenzae proved satisfactory for a period of about 2 years @vans and Smith, 1972), but subsequently certain batches were found to be defective. The inoculum required to initiate growth increased from less than 10 cells to 107, the colonies were of irregular size and microscopically many filamentous forms were evident. The constituents of both satisfactory and unsatisfactory media appeared to be identical, and preliminary investigations suggested that the duration and temperature of autoclaving might adversely affect the medium.
Inoculum. Organisms were grown on chocolate agar for 20 hours at 37°C in 5% C02 in air (v/v) and suspended in proteose peptone broth to give approximately 5 x 108 viable organisms per ml. This suspension and three dilutions of it were seeded from a dropping pipette delivering 0.02 ml on to the surface of each plate and on to control plates of chocolate agar, to give inocula of approximately 107, 105, 103 and 101 cells; each test was carried out in triplicate. In addition, a multiple inoculating device (Steers, Foltz and Graves, 1959) was employed for some of the experiments; this delivered the same inocula in volumes Incubation. Plates were incubated for 15 hours in an atmosphere of 5% C02 in air (v/v) at 37°C. In some experiments, the air contained no added C02.
Assessment of growth. The number and size of colonies grown on the medium sterilised at different temperatures was recorded and compared with those on chocolate agar and on proteose peptone agar sterilised at 116°C: colonies were measured with a micrometer eyepiece in a microscope fitted with a x 3 objective.
Estimation of copper. A spectrophotometric method was used to determine the amount of copper in 12% aqueous solutions of the proteose peptones. Copper was liberated by a wet-ashing procedure and reacted with oxalyldihydrazide together with acetaldehyde in ammoniacal solution to give an intense blue-red colour (Beale and Croft, 1964) .
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RESULTS
The eflect of temperature on the growth of Haemophilus influenzae on proteose peptone agar
The increasing inhibition of growth of a strain of H. infruenzae type b (strain West), resulting from the higher temperatures at which the medium was autoclaved, may be seen from the data in the table. The medium, heated at 116°C for 10 min. and seeded with a 10'6 dilution of the standard suspension, yielded 5-15 colonies averaging 1.5 mm in diameter; after heating at 121"C, the colony size and numbers were reduced, and after 126°C for 30 min. inhibition was complete. Another manifestation of the inhibitory effect, caused by heating the medium at the higher temperature, was the minimum inoculum required to initiate growth. On the medium heated at 116"C, the standard inoculum of 5-15 viable units developed as colonies, but on media heated at 121 "C and 126"C, the minimum inocula required were 10s and 107 respectively. No improvement was obtained by increased incubation times of 24 or 36 hours.
The results referred to in the table were compiled from experiments in which cultures were incubated in an atmosphere of 5% C02 in air. In atmospheres of air without C02, the colonies were smaller, 0.5-1.0 mm in diameter on the medium autoclaved at 116°C; and they were minute, measuring 0.05 mm in diameter, on the medium heated at 126°C. In neither case, however, was the colony count less than that on chocolate agar.
Although the medium autoclaved at 121°C or 126°C failed to yield any growth in an atmosphere of 5% C02 in air when inoculated with 5-15 cells, its capacity to sustain growth could be restored by the addition of sodium dithionite, sodium thioglycollate or Cleland's reagent (table). Other reducing agents incorporated in the agar were less effective, but around paper disks impregnated with cysteine hydrochloride, glutathione, or manganese dioxide growth of H. infruenzae was evident on proteose peptone agar sterilised at 126°C; there was no growth at a distance from the disks. A similar effect was obtained around disks containing saponin, Tween 80, bovine albumen, horse serum or yeast extract, but not catalase. It was also observed that if plates of media that had been heated at 121°C or 126°C were stored in air for 24 hours at 37°C or for 7 days at 4"C, growth from a small inoculum occurred without addition of a reducing agent.
In the experiments summarised in the table, the proteose peptone and the agar were autoclaved together; similar results were obtained however, when they were sterilised separately and when the experiments were repeated with another batch of Proteose Peptone (Difco batch no. 542610).
Growth was not obtained from inocula of 5-15 viable units of a further 22 strains of H . influenzae on proteose peptone medium heated at 126°C. However, when sodium dithionite was added, growth was comparable with that on control plates sterilised at 116°C.
The Oxoid and BBL Proteose Peptone autoclaved at 116°C gave colonies of smaller size, but these media were less affected by increased temperatures of sterilisation. The BBL medium appeared the least sensitive to heat. As with the Difco peptone, sodium dithionite reversed the inhibition.
The inhibitory eflect of certain brands of agar on the growth of
Haemophilus infuenzae A number of agar preparations from different manufacturers were examined. Separate sterilisation of proteose peptone broth and agar at 116°C for 10 min. revealed that a certain * -= Not added; + = added.
-f Cultures incubated for 15 hours in an atmosphere of 5 % C02 in air (v/v).
$ Number of colonies developing, expressed as a percentage of the number on control plates of chocolate agar. The inoculum was a 10-6 dilution of a standard suspension, and contained 5-15 colony-forming units. batch of Oxoid Agar no. 1 (no. 355 7565) was inhibitory. A minimum inoculum of 103 cells was required, and the colonies that grew ranged from 0.05 to 1 mm in diameter; the number of colonies was reduced in comparison with those developing on chocolate agar. The inhibition caused by this agar was pronounced when the sterilisation temperature was reduced to lOO"C, but was eliminated by autoclaving the agar separately at 126"C, by washing the agar in distilled water, by filtering the molten agar through paper pulp or a charcoal-block filter, or by adding 4.0 mg per 1 of sodium oleate. The inhibitory effect of agar did not disappear on storage of the plates.
The inhibitory effect was demonstrated when the agar was taken from a freshly opened bottle, but not from bottles which had been opened for more than 4 weeks, and was observed with three bottles of the same batch. The other agars tested, Oxoid Ionagar no. 2 and Difco Noble Agar, were not inhibitory.
Copper
The copper content of the three brands and batches of Proteose Peptone were as follows: Difco batch no. 560561, 3.9 pg per g; Difco batch no. 542610, 10.3 pg per g; Oxoid batch no. 1994201, 2.0 pg per g; and BBL batch no. 809619, 9.5 pg per g.
DISCUSSION
Changes occurring during the heating of media that affect the growth of bacteria are complex. Dubos (1930) found that peptone autoclaved under normal conditions and left at room temperature for 48 hours became inhibitory for pneumococci, especially when small inocula were used, but inhibition did not occur under reducing conditions produced by resteaming or adding cysteine or thioglycollic acid. Moreover, a fraction was isolated from peptone that was bacteristatic only in its oxidised state. It was therefore concluded that the redox potential of that medium was critical for the initiation of growth from small inocula.
O'Meara and Macsween (1936), examining the failure of staphylococci to grow from a small inoculum (<lo cells), obtained similar results, and attributed these to the presence of copper in certain peptone preparations, which in those days were prepared in copper vessels. The copper content of the proteose peptones used in the present studies was < 11 pg per g, compared with 400-1600 pg per g in the media of O'Meara and Macsween. In addition, two of our media containing similar amounts of copper, BBL Myosate Peptone and Difco Proteose Peptone, produced different degrees of inhibition. Other workers have found a marked reduction in the copper content of peptones since 1936 (Balch, 1942 ; Society for General Microbiology, 1956). Although a direct inhibitory effect of copper can probably be excluded in the present experiments, small amounts of metallic ions may perhaps catalyse the formation of colloidal sulphur from cysteine during the heating process and so affect the nutritional qualities of the medium for certain bacteria, namely Brucella, Bordetella, Mycobacterium tuberculosis and Bacillus (Schuhardt et al., 1950 ; Woiwod, 1954; Konowalchuk, Hinton and Reed, 1954; Rowatt, 1957; Trader and Lankford, 1957) .
Wright (1929) demonstrated that when peptone, yeast extract and serum were autoclaved at high temperatures for prolonged periods, each caused a marked inhibition of bacterial growth in culture media; 1% glucose added before heating prevented this effect. The inhibitory properties in horse serum autoclaved at 120°C for 30 min. were not permanent; the heated serum, left at room temperature for 48 hours, no longer retarded the growth of pneumococci in broth.
In each instance, the inhibition we observed in peptone media was neutralised by a reducing agent, such as cysteine, thioglycollic acid or dithionite. Furthermore, Gilder and Granick (1947) , who used proteose peptone broth sterilised at 121°C for 20 min. in studies on the haemin requirements of HaemphiZus spp., obtained growth of certain strains from small inocula only in the presence of a reducing agent, namely dithionite.
In the present study, proteose peptone agar sterilised by heating for a prolonged period at higher temperatures was inhibitory when freshly prepared, but when stored for 7 days at 4°C supported the growth of H. influenzae from small numbers of cells. This is in contrast to the experience of Dubos (1930) and O'Meara and Macsween (1936), who found that heated peptonebroth media deteriorated on standing at room temperature and that this was related to oxidation.
One difference that may invalidate a direct comparison of the present experiments with those of earlier investigators on the effect of heating is that our results were obtained on a medium containing agar. Proteose peptone and agar were sterilised separately and together at 116°C and 126"C, and it was concluded that, under these conditions, the inhibition at the higher temperature was the result of an alteration of the peptone only. Even at 121°C for 15 min., small amounts of medium in narrow containers may be over-heated because of rapid heat penetration. The inhibitory effect was not peculiar to one batch of Difco Proteose Peptone nor to one strain of Haemophilus. Similar results were obtained with a second batch of Difco Proteose Peptone and with encapsulated and non-encapsulated strains of H. influenzae, including fresh isolates and those from type-culture collections. The batches of Oxoid Proteose Peptone and BBL Myosate Peptone were not so severely affected by over-heating.
Difco Proteose Peptone was initially chosen because it was the medium most commonly used in earlier nutritional work on HaemphiZus and proved the most satisfactory in these studies when autoclaved at 116°C (Lwoff and Lwoff, 1937; Hoagland et al., 1942; Gilder and Granick, 1947) . A feature common to the present and earlier work is that the addition of reducing agents, such as dithionite, glutathine, and Cleland's reagent, promotes growth in the presence of previously inhibitory peptone.
Reports indicate that agar may contain substances inhibitory for bacteria; for example, Ley and Mueller (1946) , using methanol, extracted from commercial agar an inhibitor for Neisseria gonorrhoeae, and a water-soluble substance that adversely affected the growth of H. vaginalis was described by Dukes and Gardner (1961) . Our results indicate that some commercial agar preparations may also be toxic for H. influenzae. The effect could be eliminated by washing the agar with distilled water, by allowing the powder to stand at room temperature and humidity for several weeks, or by separate sterilisation of the agar at a temperature in excess of 116"C, that is, conditions that produce the peptone inhibitor.
Unlike overheated proteose-peptone agar, the medium prepared from inhibitory agar remained inhibitory after 2 weeks' storage at 4°C. Sodium oleate or Tween 80 effectively removed the inhibition.
The value of sodium oleate in media for Haemophilus spp. was first observed by Avery in 1918; Butler (1962) found that this substance could replace serum albumen in a semidefined medium for Haemophilus and suggested that its role may be that of a protective colloid. Albumen, starch and charcoal have a similar effect in media for the growth of other pathogens (Dubos and Davis, 1946; Casman, 1947; Mazloum and Rowley, 1955) . Our previous findings with regard to the growth of certain strains of H. paruinfluenzue (Evans and Smith, 1972) indicate that sodium oleate may be a useful additive for media used to grow members of the genus Haemophilus.
In our experience, the most suitable solid medium for identification and nutritional studies of H. influenzae is one based on Difco Proteose Peptone, haem and NAD, with sodium oleate and dithionite to overcome inhibition appearing in agar and peptone. SUMMARY Broteose-peptone agar was defective for the culture of H. influenzae from small inocula when sterilising temperatures exceeded 116°C. All 23 strains tested grew poorly or not at all on the medium sterilised at temperatures of 121°C or more for 30 min. The inhibition was more marked when 5% C02 was present during incubation. The inhibitory effect disappeared after the medium had been stored at 4°C for 7 days before inoculation, or could be abolished by the addition of a reducing agent such as sodium dithionite 100 pg per ml.
The growth of H. influenzae may also be adversely affected by agar. Of three commercial agars tested, one batch of a particular brand was found to be inhibitory when used from a freshly opened bottle. Inhibition could not be demonstrated after the agar was washed or in the presence of sodium oleate (4 pg per ml).
